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TIMBER AND LIVE STOCK. 


The western yellow pine forest is the most important source of 
timber in the area drained by the Columbia River and its tributaries 
east of the Cascades and north of the Snake River Valley. There 
are estimated to be approximately 7 million acres of western yellow 
pine (Pinus ponderosa) in the National Forests of this region, and 
there is probably an equal area outside the Forests. A conservative 
estimate of the National Forest stand is 50 billion board feet. Ata 
erowth rate of 100 board feet per acre per year’ the western yellow 
pine land within the National Forests alone is capable of producing 
a sustained yield of 700 million board feet of lumber every year. 
A considerable portion of the timberland now in private ownership 


1 See U.S. Department of Agriculture Bulletin 418, “Western Yellow Pine in Oregon,” by T. T, Munger,, 
76256°—-18—-Bulht, 738——1 
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will probably be devoted eventually to other use, but much of it is 
more valuable for the continued production of timber than for any 
other purpose, so that it is reasonable to expect a total annual incre- 
ment of at least a billion board feet on National Forest and privately 
owned land now occupied by western yellow pine. In this region 
growth is rapid, the quality of lumber produced is excellent, abun- 
dant natural reproduction follows logging, and the greater part of 
the area is accessible and fairly easy to log. The perpetuation of 
the western yellow pine stand therefore insures the continuation of 
an important part of the lumber industry in the Northwest. 

Because of the small rainfall over most of the untimbered part of 
the region and the consequent dependence of the rapidly developing 
agricultural industry upon irrigation, the maintenance of a forest 
cover in the mountains is as desirable for regulation of stream flow 
as for the production of timber. 

The live-stock industry is important throughout this region, and 
the greater part of the forest area is utilized as spring or summer 
range for sheep and cattle. Although the quality of forage in 
western yellow pine stands varies widely, there are no areas which 
do not contain at least a small amount of palatable feed. Allowing 
even the very liberal average of 7 acres per sheep or 35 acres per 
cow—a large part of it has at least double this capacity—the western 
yellow pine type in the region described will supply summer range 
for a million sheep or 200,000 cattle. 

The utilization of this Aone. particularly on areas suited to sheep 
rather than to cattle, has “aesonted a somewhat difficult probiem, 
owing to the serious damage done by sheep to forest reproduction 
sinder the methods of headlse hitherto prevalent and to the resulting 
idea common among aca that sheep grazing and forest 
production can not be carried on together. To determine just how 
much harm is done to forest reproduction by sheep and how far 
this damage can be reduced by more careful use of the range, an 
intensive study was made on the Payette National Forest in central 
Idaho during the years 1912 to 1914, inclusive. It is believed that 
the results of this study, which are presented in the following pages, 
are fairly applicable to the entire region described: 


STUDIES MADE ON THREE GRAZING ALLOTMENTS. 


The effect of sheep grazing upon conifer reproduction was studied 
on a number of small sample plots well distributed over three sepa- 
rate grazing allotments. The study was carried on for three years 
on two allotments, one on Deadwood River and the other on Silver 
Creek, a tributary of the Middle Fork of the Payette River. In 
the third year, 1914, a third allotment, on the South Fork of the 
. Payette, was also studied. 
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These areas, which are near the western edge of the deeply dis- 
sected central Idaho plateau, are characterized by a very broken 
surface, steep slopes, and numerous streams with deeply cut canyons. 
The soft granite, which underlies most of this part of the Forest, in- 
terspersed with numerous veins of quartzite, outcrops frequently on 
the steeper slopes and along the ridges, and the soil which is derived 
from it is very porous and dries out quickly. Narrow flats along the 
streams and occasional broader basins—probably once the beds of 
small lakes—are covered with alluvial soil of considerable depth. | 

Annual precipitation in the areas occupied by western yellow pine 
averages between 20 and 25 inches, of which a large part falls as snow. 
Snow usually goes off between mid-April at the lower altitudes and 
early June at the upper limits of yellow pine, and growth starts im- 
mediately thereafter. Considerable rain falls in June; but after the 
first week of July there is generally very little rain, except occa- 
sional thunder showers, until the first part of September. In early 
September a fall rainy period, with snow at the higher altitudes, is 
usual. During the summer, days are usually hot and nights cool. 
Altitudes above 5,000 feet are apt to be visited by killing frosts at 
any time, while the lower altitudes are, as a rule, free from frost 
from June 10 to September 1. | 

The grazing season for sheep commences some time in May in the 
lower western yellow pine country and about the middle or end of 
June in the higher and more remote areas, such as the Deadwood — 
allotment, and lasts: until the feed dries and becomes comparatively 
unpalatable, about the middle of August. The sheep are then held 
on the higher ranges until driven down by snow or cold weather, 
after which they sometimes spend a short time on the western yellow 
pine range on their way out to the open country. 

Western yellow pine and Douglas fir seeds germinate for the most 
part during May and the first half of June at the lower, and during 
June and early July at the higher elevations, and occasional seed- 
lings appear all through the summer. Lodgepole pine germination 
continues in considerable quantity during most of the season. West- 
ern yellow pine seedlings to a very large extent, and lodgepole pine 
to a less extent, occur in small compact bunches, the result of the 


__ seeds being buried by chipmunks. 


THE DEADWOOD ALLOTMENT. 


On the Deadwood allotment, which represents the upper exten- 
sion of the range of the western yellow pine type, and all of which is 
above 5,000 feet altitude, the timber is largely a mixture of varying 
proportions of western yellow pine (Pinus ponderosa), Douglas fir 
(Pseudotsuga taxifolia), and lodgepole pine (Pinus contorta), with 
some alpine fir (Abies lasiocarpa), Engelmann spruce (Picea engel- 
mann), whitebark pine (Pinus albicaulis), and a yery few specimens 
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of western larch (Larix occidentalis). Most of the western yellow 
pine stands are on ridges or southern exposures between 5,000 and 
6,000 feet elevation; where western yellow pine occurs on other sites 
it is usually scattered as individuals or groups in stands of other 
species. Practically none is found above 6,500 feet. By volume, 
approximately 40 per cent of the timber on this area is western 
yellow pine, 30 per cent Douglas fir, 25 per cent lodgepole pine, and 
5 per cent other species. 

The virgin stand is more or less broken by old burns and insect- 
killed areas, on most of which reproduction, especially of Douglas 
fir and lodgepole pine, has become well established. Other openings 
which have been occupied by dense brush contain only scattered 
tree reproduction. Advance reproduction of all species is common 
over most of the timbered area, though it is very unevenly dis- 
tributed and of slow growth. Except on rather limited areas, 
western yellow pine reproduction is unsatisfactory in amount. At 
the time the study was started (1912) there were very few seedlings 
of this species under 10 years old, which indicates that years of 
abundant reproduction are very infrequent at this altitude. There 
were practically no saplings over 30 years old, probably on account 
of extensive fires in the early 80’s. On the sample plots (see p. 5), 
which were located for the most part only where some western 
yellow pine reproduction was present, only 38 per cent of the seed- 
lings were western yellow pine, while 32 per cent were Douglas fir 
=F 30 per cent lodgepole pine. . 

The undergrowth on the western yellow pine part of the allotment, 
a varying mixture of grasses, weeds, and browse, is unevenly mee 
tributed and averages rather low in forage value.! 


THE SILVER CREEK ALLOTMENT. 


The Silver Creek area, from 4,600 to 5,500 feet in elevation, is 
fairly representative of the middle range of the western yellow pine 
type. The timber is of much better quality than that on the Dead- 
wood allotment, and a much larger proportion is western yellow pine. 
Except on the moist flats along the creek, there is no lodgepole pine 
in the stand. By volume, approximately 75 per cent is western 
yellow pine, 20 per cent Douglas fir, and 5 per cent lowland white fir 
(Abies grandis). 


1 Pine grass ( Calamagrostis rubescens), arnica (A’. cordifolia), geranium (G. incisum), lupine (Lupinus 
spp.), huckleberry ( Vaccinium membranaceum-and V. scoparium), spiraea (S. lucida), currant (Ribes 
cereum), Willow (Saliz spp.), and cednothus ( C. velutinus) are among the most widely distributed and char- 
acteristic plants. Other very common species include elk grass ( Carer geyeri), blue grass (Poa spp.) 
blue buneh grass ( Festuca idahoensis), silver dock (Balsa morrhiza sagittata), fireweed ( Chamaenerion angus- 
tifolium), yarrow (Achillea lanulosa), hawkweed ( Hieracium scouleri), paeony (Paeonia brownit), valerian 
( Valeriana sitchensis), bluebell ( Mertensia sp.), meadow rue ( Thalictrum occidentalis), Indian paintbrush 
( Castilleja spp.), foxglove (Pentstemon spp.), Indian tobacco ( Eriogonum epp.), choke cherry(Padus demissa), 
fire cherry (Prunus emarginata) rose, (Rosa spp.), mountain ash (Sorbus sambucifolia), snowberry (Syms 
phoricarnos rotundifolius), buck brush (Kunzia tridentata), and seryice berry (A melanchier alnifolia), 
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Reproduction is abundant and well distributed and on account of 
the longer growing season growth is more rapid here than on the 
Deadwood area. On the sample plots 58 per cent of the seedlings 
were western yellow pine, 34 per cent Douglas fir, and 8 per cent 
lowland white fir. 

The undergrowth on this allotment is dense and fairly evenly dis- 
tributed; browse predominates. Its forage value is much higher 
than that on the Deadwood area pernoe of its seventy density and 
the larger proportion of palatable species.’ 


THE SOUTH FORK ALLOTMENT. 


The South Fork allotment represents the best western yellow pine 
land in this region. Except for the main ridges, which reach 6,000 
feet, most of the area is between 3,800 and 5,000 feet in elevation. 
Western yellow pine trees here occasionally reach a height of 190 
feet. Western yellow pine makes up from 70 to 100 per cent of the 
volume of the stand, which probably averages for the entire area 85 
per cent pine and 15 per cent Douglas fir. 

The forage cover is denser and more palatable than that on either 
of the other two areas. Even on the south slopes there are few of 
the bare spots such as are common on the Deadwood allotment, but 
there are more brush areas so dense that they can not be utilized. 
Browse is the predominant type of forage, except on south slopes, on 
which grasses and weeds predominate. ° 


METHOD OF STUDY. 


Small sample plots were chosen in such a way that they were well 
distributed over the three grazing allotments and were so located as 
to cover the greatest possible variety of conditions of topography, 
stand, forage cover, and use of the range. They are believed, there- 
fore, to represent fairly the western yellow pine type of forest in the 
region described. 

Thirty-nine plots were studied for the last year only, 40 more for 
two seasons, and 72 more for three years, a total of 151 plots with an 
ageregate area of approximately 75,000 square feet. 


1 Characteristic plants are: Ceanothus ( C. velutinus and C. sanguineus), ninebark (Opulaster malvaceus), 
huckleberry ( Vaccinium membranaceum), choke cherry (Padus demissa), willows (Salix spp.), spiraea 
(S. lucida), snowberry (Symphoricarpos rotundifolius), rose (Rosa spp.), pine grass ( Calamagrostis rubescens), 
silver dock (Balsamorrhiza sagittata), fireweed ( Chamaenerion angustifolium), geranium (G. incisum), brome 
grass (Bromus marginatus), and meadow rue ( Thalictrum occidentale). 

2 Characteristic plants are wheat-grass (Agropyron spicatum ), June grass ( Koeleria cristata), blue bunch- 
grass (Festuca idahoensis), brome (Bromus marginatus), blue grass ( Melica sp.and Poa sp.), ceanothus 
(C. sanguineus and C. velutinus), ninebark (Opulaster malvaceus), snowberry (Symphoricarpos rotundi- 
olius),. spiraea (S. lucida), tose (Rosa spp.), willows (Salix spp.), service berry (A melanchier alnifolia), 
mountain ash (Sorbus sambucifolia), maple (Acer glabrum), buck brush ( Kunzia tridentata), syringa (Phila- 
delphus lewisii), silver dock (Balsamorrhiza sagittata), asters (Aster spp.), geranium (G. inciswm), sun- 
flower (Helianthella sp.), pea-vine (Lathyrus spp.), lupine (Lupinus spp.), wild carrot (Leptotaenia sp.), 
fireweed ( Chamaenerion angustifolium), hellebore ( Veratrum sp.), brake (Pteridium aquilinum pubescens), 
nad meadow rue ( Thalictrum occidentale). 
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The species and height of all seedlings on the plots were recorded 
at the beginning and end of each season, and in many instances at one 
or more other times during the summer. Injuries due to grazing or to 
other causes were noted at the same time. Record was also made of 
the approximate date when each plot was grazed, and of the intensity 
of grazing. 


INJURIES TO REPRODUCTION CAUSED BY SHEEP GRAZING. 


NATURE OF INJURIES. 


Sheep injure forest reproduction directly both by browsing and by 
trampling. In the case of browsing the injury may be confined to a 
few needles or to the tips of side branches, the leader may be bitten 
off, or the bark may be gnawed. With conifers such injuries, except 
in extreme cases or when repeated, seldom result in permanent deform- 
ity or death. A careful study of comparative heights of uninjured 
seedlings and of those whose leaders had been removed several years 
before showed no perceptible difference in the rate of growth, except 
for the loss of the one year’s increment. An uninjured side branch or 
a new bud takes the place of the leader, and the slight crook in the 
stem, which is evened out as its diameter increases, usually disappears 
within 10 years. 

If the injury is repeated every year or two, vi course the seedling 
will be permanently stunted and will never becom a tree. This has 
_happened along driveways which have been used for many years, and 
also on bed grounds which have been used several nights at a time 
year after year. It seldom happens except in such places. If an 

average of 1 per cent of the seedlings on an area are injured by grazing 
“in one year, only 1 per cent of this 1 per cent will be likely to suffer 
a second injury the next year. In 20 years only 1.7 per cent of the 
seedlings will be likely to have been injured fee and only 0.1 per 
cent three times. 

Very severe browsing, such as frequently occurs on bed grounds 
which have been used too much, often kills the seedlings outright. 
In order to test the recovery fron: such injury, a number of seedlings 
between 6 inches and 34 feet high were entirely defoliated in 1913. 
One year later 20 out of the 42 were dead, and the others, although 
they had put out new needles, appeared to be unhealthy and likely to 
die later. To test the effect of light browsing, only the foliage put — 
out during the current year was removed from a number of other seed- 
lings. This had no apparent lasting effect, since all were fully recov- — 
ered within a year. 

By trampling, sheep may bruise the seedling, bury it under loose 
soil or litter, uproot it, or break it. Such injuries, especially in case 

of the smaller sacdlines: often cause death. 
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AMOUNT OF DAMAGE, 


Table 1 shows the kind and amount of damage done by sheep on 
the different allotments during the course of the study. 

The damage to seedlings more than a year old was negligible in 
quantity; a yearly average of 1.9 per cent of the number on grazed 
’ plots was killed on the Deadwood area, and 3.7 per cent on the 
Silver Creek area. The one year’s record for the South Fork (4.7) 
indicates, when compared with the same year’s record on the other 
allotments, that the yearly average for a three-year period would 
probably have been between the Deadwood and Silver Creek averages. 
Of seedlings less than one year old, on Deadwood an average of 15.4 
per cent were killed, and on Silver Creek 24.9 per cent. The greater 
mortality of both classes of seedlings on the Silver Creek area was 
due partly to the greater intensity of grazing on that allotment and 
partly to differences in the relative distribution of ages; the Silver 
Creek area had a much larger proportion of reproduction less than 
10 years old. These figures show the proportion of damage on 
erazed plots alone; that is, they indicate the maximum loss which 
would result if the sheep grazed over every square yard of their 
allotment. As a matter of fact an area is seldom grazed,so closely 
unless it is very much overstocked; a great many spots are missed, 
and many of them are likely to be patches of reproduction, since 
there is usually little palatable forage in such places. 

The last columns in Table 1 show the proportion of injury to the 
total number of seedlings on all of the plots on each allotment. On 
the Deadwood area, which was grazed rather lightly, averages of 1.1 
per cent of the older seedlings and 8.8 per cent of those less than a 
year old were killed each year, while on the closely grazed Silver 
Creek area 2.5 per cent and 14.8 per cent, respectively, were killed. 

Of the older seedlings on grazed plots on Deadwood but 0.7 per 
cent were browsed, and of those on Silver Creek 1.5 per cent. Con- 
sidering all plots whether grazed or not, 0.4 per cent of the seedlings 
on Deadwood and 1.1 per cent of those on Silver Creek were browsed 
_ each year; and fully one-third of these ‘‘injuries”’ consisted of slight 
browsing of needles or tips of lateral branches only. The smaller 
proportion of one-year seedlings classed as ‘‘injured”’ is due to the 
fact that they are usually killed if injured at all. 

Of the three important species present, western yellow pine appears 
to be most liable to browsing injury, lodgepole pine somewhat less 
so, and Douglas fir least. White fir is practically never browsed. 
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Fi@. 1.—PINE-GRASS RANGE TYPICAL OF MUCH OF THE YELLOW PINE 
» TIMBER RANGE. 


Fia. 2.—BROWSE, WEED, AND GRASS RANGE TYPICAL OF OPENINGS IN YELLOW PINE 
AND DOUGLAS FIR STANDS. 
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SIZES INJURED. 


Table 2 shows the total amount of injury done by sheep on all the 
sample plots during the period of the study, classified according to 
the size of seedlings injured. Of the 1,782 seedlings killed, 1,294, or 
73 per cent, were less than a year old, while only 11, or about one- 
half of 1 per cent, were over 6 inches in height. Only one seedling 
over 18 inches high was killed by sheep during the three years. 
Only one sapling over 3.5 feet high was browsed or trampled; most 
of the injuries from browsing or trampling were confined to seedlings 
less than 1.5 feet in height. 

The relative mortality of seedlings of different sizes is shown in 
Table 3. During the first few years seedlings succumb very easily 
to slight injuries, because of their small size, shallow root system, 
and the lack of woody matter in their stems. The loss due to grazing 
decreased from about 20 per cent for seedlings in their first year to 
11 per cent for those in their second and third years. By the end of 
the third year they are from 2 to 4 inches high (depending on species 
and site), their stems have become woody and fairly tough, and their 
roots penetrate the soil for a foot or more, so that they are not easily 
uprooted by trampling nor exposed to drying by the loosening of the 
soil. Injury from grazing is so slight after this that there is no need 
for closing reproduction areas to sheep after the third year, though it 
may be desirable to graze such areas lightly for a few years more, 
until the seedlings reach a height of 6 inches. 


TABLE 2.—Relation between size of seedlings and injury by grazing. 


(Total injuries for thrce years on sample plots on all allotments.) 


Injured. 


Species and height class. 
Need- Side 


; Tram-| , - 
les. | branches. Leader.| Bark. All. | Killed. 


pled. 


Western yellow pine: | 
Winder layear ese =e a ee oul eee Pas aes Shoe 6 32 1.010 


1 year old to 6 inches high..-.-_.....--- (Obs 2 aa eee AG ee ae 13 69 216 
Ginchesio Fe tects. ee eee ee a 31 1 38 5 36 111 7 
EAC OUe sre C Lae ater oe eee eee ees 7 10 8 1 2 28 1 
DEL OSS MOC beets cscs. eee ate ei eee eee 1 1 SAD es See AN ae eam ee ee 
Douglas fir: 
lUmder Liyear a. Hsia ee seats Sree ee Peer terial ereee tse Se laa ages ob 2 3 150 
1 year old to 6 inches high .........._-.. eedteree te | Lae haem Eyal eee ie 10 18 124 
Ginches-toslteetaa 2 Seen ee ole ee aes 1 Oss ase 12 22 1 
Te ToettOor teste. 22) uaer te eae ts ate a 2 ra cae ae 1 ae teat 
ZU TOO se TeCbs asec = Sore, Seem he ee ae | lees ee 2 1 Lalas ese Aalst pe 
Lodgepole pine: 
Dard er lsvear ms oA ete tees oe ine Sat oe ee Il see SS 1 2 126 
1 year old to 6 inches highs s<ee. a ae [a ee eet ae Cees ce 6 8 128 
Ginches todstoet= eo eel ne 1 1 Diep eaters 6 13 2 
f EOE feeton ne oan meee ton ee 1 | Se BE SEE meee ta Hee eet 3 We Ns aoe 
DP EOS TOOLS fs ea eee ee eta A eee 1 Ws Wises ae ee PS 2 Sule ce 
Se COMP TCC bss Soe ee ee Se eae ad Leen Siete eee | See ee ne ee 1 (es ete 
White fir: . | 
Wind ers Veer se ashe ce eee ee ee tees a beh ee See Perret ete Sse ees ISS 8 
if-yearold toléuinches high senna sae= see eee bare rctehere Il tees aoe see 9 
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TABLE 3.—Seedlings killed by sheep, by sizes. 


(Percentages of total numbers on grazed plots.) 


Western 
Year and size class. yellow Duels eS a All. 
pine. 
1912: : r : 
ILeSS Wain, I eee hs Seas oaccucae bans so ous ones aeocadedeuare 13.7 18.5 5.6 13.4 
ibveatiolad’ toyouneches nights sae eee cecal ite = 3.1 2.4 3.1 3.0 
GiMOOOS HO) Westtbocesconccesuecs sagas ones subenh duccesssoadllac soboasnd |seueecsbenl|sosccosuos|sesccoacée 
ILess Toei IDRIS oo bas cb behongsoscsensoeoesecooadsusoccaces 25.9 17.9 lal 21.8 
Tl WO D WEBB Saccs dot askoocomcadoocbdsdooooseauaddasqeacacaos co oa 7.1 7.2 DED 
Diveans Old dO onmchesilni hte yee rpc te aes eetel ee tereii= ete 8 2.2 1.6 1.6 
Gunchesitossteeti amcor eters = see are eae meee aes 2 airs LAV Rea S SO es. a) nS 
4: ; 
Wessathanlinyentys serceise eters in sete eel = 39. 4 6.7 15 22.2 
il 1 B Weise coda coosueucdsosoS zoo sean docousae saSonsseeESSoer | + 15.5 20.3 10.9 14.4 
DOB WEEN Ss cu ce onasctoeoeedebsseodacsusuoundaeausesseaonees oot O89, 23.6 11.4 
Bhyears OlGstorGumches Wigley neat roe ete alee eit ae 4 1.6 1.4 igi 
Gunchesitorlstee tine casseee eras = eee Etre eee tara 3 2 heen 2, 
Average: u 
JUSS HORI TI SVERR Soho ce boos bs gheetduoecossdeceneesescnsecake 22.4 17.8 10.8 19.8 
IOP Gains. seosupbcsosccssodeasachoscuseSoocoasr bene aoe 10.8 13.9 9.9 11.0 
DO B WCE os Boo deus doesabbbedorbseuecusen odor sedobeucaasue QUE 959 23. 6 11.4 
Bhyearsiol ditorGumch esi ene eee ey eases eee aie tee aa at 1.5 2.1 Ded 1.9 
Gunchestousiveetia soe nee eae Sense eee RE EN Se BO) Wises Se ae es 6 £v 


1 Number killed by sheep in 1912 partly estimated. 


Tables 4 and 5 show the rate of growth in height of the important 
species on the Deadwood allotment, which corresponds to sites of 
poorer quality than the average, and on the South Fork allotment, 
which corresponds to average or better western yellow pine sites. 
The figures given represent growth of advance reproduction, mostly 
under timber rather than in openings. For comparison, the growth 
of dominant western yellow pine seedlings in eastern Oregon ' is also 


shown. 
_ TaBLe 4.— Juvenile height growth on experimental area. 


Western yellow pine. Douglas fir. Bee 
ANB OED SEE South Blue South 
Deadwood. Fork. | Niouiataine! Deadwood. Works! Deadwood. 
Height in feet. 
E's ts a ee a 0.3 0.5 0.8 0.2 0.2 0.2 
IL () Pea i CST GR AEE Naess .6 9 ied 4 .6 -6 
Tae 3 0 as esa Say Ae Ro ee a 1.2 2.1 2.1 .8 13 1.3 
PA ORO on Sheree ees ent ele 2.0 GMT Heit atone meee 2.4 2.2 2.4 
2B Ses IE Aa Tein et ts Pian eR ane ee 3.0 Quon em aases sce 2a 3.6 . 4.0 
GLUE Se ye Lae Rap te ee Leer 4.2 OR GHIE eats Re 2.8 5.5 6.2 
BAD er Ss eee ae ak AICS hs UM pe 5.7 SR OSS: eae ee: 3.7 9.5 10.0 
AQ apes a ened pee te phe Foe ae Sieh) ease cr ee eta] ETS ee Sec Ca ii] | Gatien ae a 15.7 
Number seedlings basis........ 586 738 1,182 914 §21 206 
TABLE 5.— Years required to reach a given height. 
Deadwood. South Fork. 
Height im feet. Western Douglas | Lodgepole Western Douglas 
yellow fs ae yellow fic 
pine. : pme- pine. : 
Years. Years. Years. Years. Years. 

(De yak nee irl ote EE Lite a SC Ne os a pulse 8 12 9 5 1 
Tlie SiS ee at unl. Si a ame a 17 20 16 13 16 
PASSE SE IRR as Ss Uh DR DO Bes a 23 28 20 17 20 
BeDss de ob See TRE ae a. Aa NN eee are AE 27 34 24 20 25 
AY aaah tit Nr Eel se tl oad RES 31 39 27 23 28 
BD céuS SHORES BOATNE STEER Sas eerie meee 35 43 29 25 30 


Me From United States Department of Agriculture Bulletin 418, Western Yellow Pine in Oregon, by T. T. 
unger. 
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After seedlings are 6 inches high the damage caused by moderately 
close. grazing is negligible. According to Table 5, western yellow 
pine reaches this height in 5 years on the better sites or in 8 years on 
the poorer sites, Douglas fir in from 10 to 12 years, and lodgepole 
pine in 9 years. There is practically no damage at all after seedlings 
reach 1.5 feet in height, or after from 13 to 17 years for western yellow 
pine, from 16 to 20 years for Douglas fir, and 16 years for lodgepole 
pine. 

From Table 3 and the height growth it is computed that on the 
Deadwood allotment 46.5 per cent of the western yellow pine which 
germinates will be killed if the area is grazed every year, or 8.7 per 
cent if grazing is eliminated until seedlings have passed their third 
year. On the South Fork the figures will be 43.4 per cent and 5.7 
per cent. Of Douglas fir in Deadwood, 48.8 per cent will be killed 
by grazing every year, or 14.3 per cent if it is suspended for three 
years; on the South Fork 44.2 per cent, or 9.9 per cent after three 
years, will be tost. In Deadwood 39.7 per cent of the lodgepole pine 
seedlings will be killed, or 15.1 per cent if the area is grazed after the 
third year only. 

According to Table 3 a much larger proportion of western yellow 
pine seedlings less than a year old are killed than of Douglas fir, 
while only half as many of lodgepole pine are killed. This is probably 
due partly to the taller and more succulent and brittle stems of western 
yellow pine seedlings and partly to the fact that lodgepole pine repro- 
duction is more abundant where there is comparatively little palatable 
forage cover, so that grazing is apt to be lighter on spots where 
lodgepole pine seedlings predominate than where western yellow 
pine is the prevailing species. The characteristic distribution of 
western yellow pine seedlings in clumps planted by chipmunks and | 
mice (Douglas fir and lodgepole pine usually occurring singly) may also 
result in a somewhat larger mortality, since the disturbance which 
affects one seedling in a clump affects the whole group. 

Table 8 indicates that as a general thing western yellow pine is 
iess likely to be killed after its third year than is Dougtas fir or lodge- 
pole pine. This may be due to the larger size of three-year old yellow 
pine seedlings. 

SEASON OF INJURY. 

To determine the relation between the amount of damage and the 
time of year when the grazing was done, the plots grazed on the Dead- 
wood allotment in 1913 were grouped into three classes: (a) those 
grazed early in the season, or up to the latter part of July, which in 
1913 was a fairly moist period; (b) those grazed in midseason, from 
late in July to the middle of August; and (c) those grazed late, or 
after the middle of August, the driest part of the season. ‘Table 6 
shows the relative amount of damage done during each period. 
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TABLE 6.—Grazing injuries, by tume of year, in percentages of number of seedlings on the 
plots at the time they were grazed. 


(Deadwood allotment, 1913.) 


Injured oe 1 year Killed. 
Time of grazing and species. : Ones 1 ven 
Under 1 old an 
Browsed. | Trampled. year old. | under 1} 
feet high. 
Early summer: 
Westernivellow pines: 2520 ee ae ee ee ENGR eR sauce searate. 24, 2 0.5 
IDOE SS th Re ee ea Seen GUS UES SUR Doon BEE HeSee amar Beer (CO igo bats roca series 20. 6 8 
Wodgepolewpines eee. s se eis soe sees - soe Gyr Set seeeaeaces. 18.5 4.8 
INSU Sos eas epee Cs iA SSS A ean IR end walls | AR nukes coat 23. 4 prea 
Middle summer: a 
Wiesternby ellowspinez amas cee eran ele eee (CD) nite Bees 14.3 .5 
IDOE RISO Oe Ne aaa ee soeab eee OE eee ete (1) (1) 24.7 1.4 
modeepoleupine ese ion ee sioaasee seemed ees eee Q 6.8 1.5 
NIU lS A ES EN a UE PAL ap .6 2 11. ileal 
Late summer: (i 
Wiesterniyellownpine ees soee eee se eee eeee sees (Ue Rca ee ee Oil Base ae Seances 
Douglas fir........--- FEED A oe Ayal MEY oy Nile ae | (1) (1) SO) acne ale See eae 
Mode pole pime sce ys 42 Save ope eins eer ereevers Slecie nes | (1) (1) 9.3 2.0 


1 Very small. 


Injuries which did not result in death, particularly those due to 
browsing, though insignificant at any season, were greater late in the 
season than during the earlier period. This is probably due to the 
drying of the succulent forage of the early part of the season and to 
the greater hiking of sheep for browse types of forage as the season 
advances. 

The proportion of seedlings killed by grazing, particularly of those 
less than a year old, was very much greater early in the season than 
it was later. The reasons for this are that early in summer the seed- 
lings are rather brittle, with little wood in their stems; their roots do 
not go down very deep; the soil is moist and easily shoved out of 
place by the sheep; and seedlings injured early are either killed out- 
right or have small chance to recover because of the dry period which 
follows the injury. By the middle of August the season’s growth is 
nearly completed, the stems are tougher, the roots deeper and more 
widely spread, the soil is more firmly packed, and an injury is soon 
followed by the fall rainy period and the long winter period of rest, 
so that there is a fair chance for recovery from slight disturbance. 


RELATION BETWEEN AMOUNT OF DAMAGE AND INTENSITY OF GRAZING. 


The relation between intensity of grazing and amount of damage is 
shown in Table 7. Where the surface of the ground was not appre- 
ciably disturbed by trampling and very little of the forage cover was 
eaten the plot was classed as ‘‘lightly grazed”’; where most of the 
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palatable forage was eaten, but the ground was not seriously tram- 


pled, the plot was classed as 


ce 


moderately grazed”’; and where prac- 


tically all forage was eaten and the surface considerably worn by 


trampling, it was called ‘‘closely grazed.” 


Bed grounds, where the 


sheep bunched up for the night or during the middle of the day and 
where grazing was most intense, were grouped separately. 


TABLE 7.—Grazing injuries according to intensity of grazing. 


(All years and allotments.) 
(A) SEEDLINGS MORE THAN ONE YEAR OLD (1912 TO 1914). 


Numbers. 
Seedlings on plots. 
Killed Browsed. Trampled. 
fee Sas re ee | 
Intensity of grazing. - 2 + 2 - 2 is © 
PS Pe ° Scat EPS Po | | Ol esaaes ano 
fr! = a = S| Se lag] S/S lag} 8] & Jag 
ote Pee en bases el Cad ef Peis tain odd coe lfeceis [r= Seo’ [2s 
=e wm | go | S (SE & lo] S&S [SE] D LG aISB| wm Io 
os = } a2 | URS Y) | eet i ep ersh aes oa! Ss lo 
= CP EE a Re ea ae epee 
Wiehe eee ee 25032| 2446 | 1 S02 168i S5ul8 avila 25) |e adele on mee | eee 6] 5 1 
Moderate sc 222 20.4.22 2,174 | 1,761 | “714 | 193 | 59+). 33) -52:| 8 e925.) Syeeees t-9} 1 2 
Close eee baer 2,388 | 1,351 S93 1 765) 3808)" 23) Sade ae 40 6 PAe|| Sed ke) 4 5 
IBGUSE Saas sy eeptaae ee 1,188 993 Cite Sees Gh pera vs Il ZF | ose & 83} 13] 10] 18] 18 9 
! | 
(B) SEEDLINGS LESS THAN ONE YEAR OLD (1913 AND 1914). 
igh teres: ae eee oe | 252 85 496 1 UG |e eye Alloa a= Lalas eral epcogseeree Seeere | woes 
Moderate... -22/5..22 | 22Q475),4 188 [C2885] 100]42304)£129)) 15S i Ga RS eee es | ae A eee 
ClOSG eb Sr he oes | 1, 200 240 106 2 | 344 | 30] 18 |e52 5: 1 Pal | eee (es AP ee sees 
‘Beds: S125 2. See | 213 Basi eee 244 | 45] 16 oo Dele 1 Salesaee 1 
(A) SEEDLINGS MORE THAN ONE. YEAR OLD (1912 TO 1914)—Continued. 
‘Per cent. 
Killed. Browsed. Trampled. - 
Intensity of grazing. - 2 4 g = 2 
Pd | og ° aS = ° Pd | 53 ° 
B= ba (isa Bg | 5 linge Aig eas sats 
Fea} g |ce] & Hen Cele ss Fal 3 | ce 
{> = = urey i) oO > = ey i) > = cos. 
> tot) col 35 ~~ OG co} > tele) ro 
OCF Sise Iho i mele Se 1S oF poe sl. Saeerieecs & 
(o} = So = S i 
Poo) Aa S| Bd a eet | Seca ee 
Mights2e tree. eee 154s) Slop | SUS Ssl = OFGel aloo 0 on Os 2 see ee 0-3] £0; 2:14 .02al Oe ksianOs2 
Moderate...-..=.-.-- Dede | An O | cus Sole ele | nonealeeieal rf Sl age = -6 .4 Ait -o .3 
Close ees 22 Se ereee Side! pleve| 2aSal eens PAs fini) om Us fe -5 SO) tradi tl -8 elpleS ait, 
Beds ensten es 3283) .003. 23 Ged al eaten | 222 | a [3] 125) $3.77] 51.542 ae3 |e lecrangn le 
(B) SEEDLINGS LESS THAN ONE YEAR OLD (1913 AND 1914)—Continued. 
| | 
Mightetsasssscsenceee | 6.3 | 14.1 B52 deca 6.5 2 ee es | ee 1 | oe 2 eee | Bae | Pass 
Moderate... -.~.....- DAS AUOTEO Net bade 54a 1s 2l Sys: eee eee [220 Ue se Se ee aie ts 
Tosere CEE s. 403- ZBLTENIAIG | AO Se Jee DoT | AS Tee SES TO lees. Kae | se oa of 
(Bedseetieie See pega es 29.6 | Cuwees lees 2h See ae | 1.9 =a 4.) Stes e 19 .4 
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PLATE III. 


Fel7356-A 
Fia. 1.—AREA USED FOR BED GROUND FOR ONE NIGHT. 


Injury to reproduction and to forage cover is not serious. 


wv 


APRON hate GN Se 


Fel7364-A 


Fic. 2.—BED GROUND USED SEVERAL NIGHTS IN SUCCESSION. 


Note entire absence of vegetation and thick layer of mulch. 


Bul. 738, U. S. Dept. of Agriculture. PLATE IV. 


F-17355-A 


INJURY TO LODGEPOLE PINE REPRODUCTION ON BED GROUND USED FOR SEVERAL NIGHTS. 


Few of these saplings recovered from the injury. 


] 
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As would be expected, the amount of injury and death increased 
fairly constantly with increased intensity of grazing. Except on 
bed grounds and areas grazed with similar intensity, the damage was 
not very serious for seedlings more than a year old, and even in 
such places only 4 per cent of the seedlings were killed. <A con- 
siderable proportion, from 20 to 30 per cent, of those less than a 
year old were killed on all except the lightly grazed plots, where 


only 6.5 per cent were lost. 


Table 8 shows that after their third year a very small proportion 
of seedlings, less than 1 per cent per year, is killed by grazing of 
moderate intensity; that is, by grazing close enough to utilize prac- 
tically all of the palatable forage. 


TaBLE 8.—Seedlings from 3 years old to 14 feet high killed by sheep on moderately 


grazed plots. 
Per cent of seedlings on grazed plots 
killed. 
Allotment and species. 
Average 
1912 1913 1914 for 
period. 
Deadwood: | | 
IVCILOWADIN Cbs tesa releases ares sate fa k= eho aie are wielerajeleteteia = et aaleve are s2i| Ss afelays- Sei 0.7 0. 26 
DOM Las yi Teens Beh ANS ehh AG TS 1S ESET SUN ak CEE [eet eS | 355 8 47 
Wodgepolespimesse sss s4-2 ese hes Sees e eee ee aces aes ete Facies! 5 | 2.5 1.08 
It ea TR a eS BED a ee a Reon ae | 3 ie 1 
Silver Creek: 
ClO WADING saan ete Paes et Ce Stes Shoe creer ini deee USO MIGE Rees. ces EG Seen cee eal 
UDG BENS Tipe a Ne eS a a | 4.6 WG ghee loses 1.07 
AWalnt GO shite eee ee eset: ae baie latencies tla Seen sence 3S Seen Cee enns eens ees Seen n nena 
ANTil wisp 408 scape: a Ol mt Raee @ pe EET Racer eee y te 5.5 | Sr [siete ee 95 
South Fork: | | 
CLO WADING Sees eet an siveies Otte ee fobavencrtdey tar oecl igs; hetce eialac sO pea? 
IDOUBIE Gai Re Bots ote ae ee o OEE eet Ge aEeS eee Seen ee aera [Scone Sekar ybceecias S| Soro esses te 
J Se SESEE EA GES GOS AmS HEM GEIS IEE he) eae aeegtaes CE TY or um aoa PS ae oy (a ee Ste asa seen ne 
All areas: 
NAS One TONGS Bes See SAE oie es Se eet y ce Ge NS RSE Ree ec CREST weg aR eee rl APS . 52 
WO Mal aseine aires eters hee aaa Seema s nc raee oa hs es sees Me Sone ga] euetsic eee . 98 
od Fepolewpinessys 22h wees oe he ase UE eee ee Ae eet ores I meree, eine 1.08 
Wilhite ries tee cee ance oes Dera. EDR Se se BO Ve 8) Perens | 8s See seis ail re ao aS 2 | Meet tee ed 
JNU Sa Sete ites As Aon ete ee nie a: RL SEE, Pir pain AE || A CAeats cate | |e ae Se . 76 


Although the plots did not happen to be located so as to show the 
effect of repeated use of the same bed ground, it was established by 
observation that the damage on the second and succeeding nights 
was very much greater in proportion than that on the first night. 
The first time a bed ground is used the sheep spend the time just 
before dark and in the morning before they are driven off the area 
in browsing, first, such forage plants as are present, and then, if 
they are left too long or forage is scanty, the conifer reproduction. 
Very few seedlings were browsed on the experimental areas on bed 
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grounds used for one night only. On one plot which was part of a 
bed ground in 1913, only 37 out of 160 seedlings less than a year old 
were killed by the sheep. If sheep are driven back to the same bed 
the next night, or at any time before a full new crop of foliage has 
sprung up, the damage by browsing is almost always very serious, 
as there remain only the least palatable forage plants and the conifers. 
On bed grounds used for several times in succession every green leaf 
is removed, and even the bark of saplings up to several inches in 
diameter is gnawed off. For like reason similar conditions prevail 
along driveways used for several bands of sheep. 


CUMULATIVE EFFECT OF GRAZING. 


The cumulative effect of three years’ grazing is indicated in Table 
9, which shows in percentages of the numbers originally on the plots 
in the spring of 1912, the numbers gained by germination, those lost 
by death, and the net result. The figures, which are grouped accord- 
ing to the average intensity of grazing during the three years, show 
plainly that in spite of greater germination on the more closely 
grazed plots the net loss increased rapidly with increased intensity 
of grazing. While there was an increase in the number of seedlings 
on plots grazed lightly or not at all, there was a slight decrease on 
moderately grazed plots, and a considerable loss on closely grazed 
areas. | 
TaBLE 9.—Changes in numbers of seedlings from spring 1912 to fall, 1914, on 71 plots on 


Deadwood and Silver Creek, in perceniages of the numbers originally on the plots in the 
spring of 1912. : 


if | | 


| Western yellow pine. Douglas fir. Lodgepole pine. 
] I = | 
Average intensity oi grazing. Per Per Par Per Per | Per Per Per 
cent cent aan cent cent | 2 Sins cent cent 
alive | germi-| G5, a alive | germi-| g3.4 | alive | germi- 
| at end.| nated. at end. | nated. | at end. | nated. 
‘ hepeoes Gees REE ee be . 
ING @raved Deas se ee OG Su, Gl nal 66022 LOtG 54.4 49.8 | 143.8 59.7 
Grazed lightly...._.._-- EEN | 9£4] 427] 48.3] 100.6] 30.2) 29.6) 1723] 184.7 
Grazed moderately - - .------- |. #8.4 76.0 97.6} 102.4 295.2 22.8} 133.1 87.3 
Graved closely 255252. <= << - fan} 101 TS 12825 96.1 61.2 65. 1 99.4 38. 2 
IBGdsve 6 ete aa ee 65.3 AS32040 SGRPS5 0050 MSGS 7 S86 i <2 ae eee 
VN [bey reece eee 3.4 71.8 | $8.4 soi 36.7| 35.4] 146.1] 108.9 | 
White fir. All species. 
Average intensity of grazing. Per cent | Per cent | Per cent | Per cent 
alive germi- | Bee GEE alive germi- | +e: cent 
atend. | nated | * | atend. | nated. 
a | Se eee 
INL etaAved ee nt eek olen 100.0 12.9 12.9 110.3 54.3 44 
Gravediichtly 46) Se eae Sen sobs 105.3 21-1 15.8 110.6 | 64.3 53. 
Grazed moderately... -2_- =. ..2~-=2--2--22-2 100.0 | 28.5 28.5 93. 6 | 56. 6 63. 
Grazed lelosely } cei G2 hs Sees eee Ae ae Be Se eae Pee se 26 81.2 | 86.5 105. 
Beg sie ee Re oe So 5 8 eee |e: meer ee eer 100.0 | 67.9 150.9 183. 
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RELATION BETWEEN AMOUNT OF DAMAGE AND AMOUNT AND CHARACTER OF THE 
FORAGE. 

The quantity of palatable forage on a given area may affect the 
amount of damage done in two ways. H the total quantity of feed 
is too small for the number of stock allotted to the area, there will 
probably be considerable browsing injury and more injury from 
trampling than if there is abundant feed so that the sheep need not 
wander around looking for it. On the other hand, whether the 
allotment as a whole has ample forage for the allotted stock or not, 
the injury due to trampling, which causes most of the deaths of small 
seedlings, is likely to be greatest on those parts of the allotment 
where the amount of palatable forage is greatest. The reason for 
this is that the sheep will spend more time where forage is abundant 
than where it 1s scanty. | 

Trampling is more serious on steep slopes than on more level 
places, except around beds, watering places, or along driveways, 
because of the tendency of sheep on hillsides to follow each other’s 
footsteps and thus wear trails, and because of the greater likelihood 
that seedlings will be uprooted or buried by trampling in such places. 

Where the forage is composed largely of tender herbaceous vege- 
tation reproduction is more subject to damage than where there 
are shrubs or dense tufts of perennial grasses or weeds to protect the 
seedlings. 


COMPARISON OF THE DAMAGE CAUSED BY SHEEP AND BY OTHER AGENCIES. 


To account for deaths due directly or indirectly to grazing, but 
whose cause could not be definitely traeed, a comparison was made 
between the total deaths durmg the summer on grazed and ungrazed 
plots. 

With very few exceptions, the mortality on grazed plots was the 
greater for all species and size classes. Excepting the 2 to 3 year 
old white fir, for which there were too few figures for a good average, 
this difference in favor of ungrazed plots was very marked for all 
seedlings less than 6 inches high. 

Table 10 indicates that a large number of the smaller seedlings 
died even where no grazing was done. The total amount of injury 
and death during the period of the study due to causes other than 
grazing is summarized in Table 11. Tables 12 and 13 compare graz- 
ing injuries with those due to other causes for the different species 
and allotments. 

The increase in the number of deaths in 1913 and 1914 was due to 
the greater number of plots and the larger number of seedlings 
examined, and to the greater proportion of seedlings less than 1 
year old woh resulted from the abundant germination, especially 
im 1913. 
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TaBLE 10.—Deaths during summer, from all causes, on grazed and ungrazed plots. 


(All years and allotments.) 


| Western 4 Lodgepole Thi 
| yellow pine. Douglas fir. pine. White fir. All. 
Height class. Not | Not Not Not Not 
crazed. Grazed. grazed. Grazed. srazed. Grazed. grazed. Grazed. grazed. Grazed. 
Deaths in per cent of the numbers of seedlings on the plots. 
Winderilnycar- ees. 36.5 507) || Sp 50.0] 24.2 YO B58 Go IL | Biles 53.4 
IEhO) PAVE WS ees e eos sbao ee 19.0 25.2, 23.6 29.9 il7/eak PAL AL 43.7 44.8 19.8 24.9 
PAU .G3 WEES soo sacoadudes 1285 eGo) Mes 17.8 7.9 PSF | EOEO 2550 Rls 19.0 
3 years oldto6incheshigh) 4.9 6.1 2.1 3.9 2.8 5SGilke ose 1.0 2.9 4.8 
6inches to 14 feet 22-3222 Teal cal <3 BATE uses S0))| Pesaemica Mee scene 6 -6 
eb OMB COG ae Ree ate ere ers 583 Or lee eae pa ie ea eee (eee re eel ge eal | eed eh ae, .3 
ERO Seal boe sabSoonoueae .4 S74 aoe oases S| ease are eee em ae ieee s 22 aul 
Set OM Rileet Waa ss Sees Bes oe ef al eee ee [eee OE ae Rte eA oA ae OS aie elle es Fe 5H) 
UO) E sk eC Benes es ete ars | keene Hee (pe ee (ee ety ee Ue ga [Seen ete hee eas| | omananla oe Soadllso oases. 


Taking the combined areas as a whole, more than three times as 
many seedlings were killed by other causes as were killed by sheep 
grazing, and five times as many were injured. The injury to leaders 
and side branches of Douglas fir and lowland white fir was princi- 
pally due to late frosts, which in 1913 and 1914 killed back much of 


the new growth on these species. 


This injury was less serious on the 


Deadwood than on the other areas, probably because growth com- 
The pines, espe- 


mences several weeks later at the higher altitudes. 1 
cially western yellow pine, are attacked by a tip moth whose larva 


develops in the leader and finally cuts i¢ off. Other mjuries were 
due to rodents (rabbits and porcupines especially), birds (particularly 
grouse), and fungous diseases of needles and bark. 


TABLE 11.—Deaths and injuries on all plots, due to causes other than sheep grazing. 


Deadwood. Silver Creek. 
~ Year and species. f el A : g ves ltaaes : 
S \oa| S| a) BS Bo eS aero ae ee 
© SSS uae Ale eeie. teas ot] St OSS alee eres 
4 |a2e|A | A /e < Z |noa} 4} A s 
1912: 
Western yellow pine... --. Lei ics pete 58 4 1 UD EE ead Bate eke 18 1 525 
DOUSIASTIES = soe0 oe ese see 1 20) | eee 2 UV AIRS = Sat asere Soles eeres 19 
IOdzepolepIne= sss see see ase ae 11 2 i 13 {2-268 2| Sse hal aoe a es | Peewee 
Wihttorar’ occ) feces cok) | ee (gt ae ae a ree analy ease oe) eee peas hte ce eee 1 
sa eo a SES Wie hj ton fueetG cl nee v4 eeuneeo; | weeeee eee Pye ia | 545 
————s —— | ———— 
1913: | 
Western yellow pine..... 1 2 76 Gi eset 109) Sal eeree 65 2 1, 222 
MD OUTSET Ses Se he ee tipper dene |e GIA) Bese eel PEBY hie a seeLGee 20> | Seeeees 244 
ihodgepole pines: 5252 2-SS4 |e eee 19 aU Aegee & fe 9 aa pe ese ae ea I Re elec Seep ae 
LFS espa me mee aes ed Um) (ert reg al fees S26 a ae | ec 2 || ae as ea aE ee I ote i Wee ea 11 
INU beth Dont tle Yarn, (ieee 2| 156 al OS pe 1 5755| chee eee 87 2) 477 
1914: | 
Western yellow pine..... Ps sees 2. -eboyl a alee 518 1 4| 23 2 | 487 
ID OUR AS firs ere rs eee 205 ee 202n| meee | See 220) erate 46 | 468 |_.....| 269 
Modgepoleipinezeo ss: 22225. 1 NS Eee ee eae 6205). 22 Sle ea ae rae 
SWING OPI Tose tere hee ep eee eee Pte a a Ee | a 21 AUG eee 19 
IAT geen ee oan Rees a5 | Sai ae aoe | ely one 1,358 1 | 7 | 2607 2 | 775 
All'years totall-s2ae sesee-ee =| moa _3m7 4] 3,022 71 | 7i5'| \oe| oa 
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TaBLE 11.—Deaths and injuries on all plots, due to causes other than sheep grazing—Con. 


South Fork. Allareas. 
Year and species. B rules fae : wf a Af Ae : 
SVS e Wor eae eae birs|oS.l e « | aaa erealeiS 
See ie Waleed | 8 \e2| 8 (os) | eel 
Z |ao) A |e |e 4 | A |nea} vA A |e “ 
1912: 
Western yellow \ 
SOMO je 8 i ac ell Orel tal eal | NS Se aan LU evel Can TaN Se ene 76 5 1 544 
ID YOYSY SS] ESN Gees Are ae Mel LR co Be cae bel Gea all 9 Sale ee OLN em es 1 23) aee 2 76 
IE OASS HOLS: UI Ca sk eee | pean tae ea PA | ea oreecin tt aeay (aeEE Gea DN SS 11 2 1 13 
NAV OUTASIUCY BES ee eae Ae ell ey Aiea |L pe es a era Ih Mier Reet |--------|------ eee | 1 
ANT een ai Ae fee ok Bele yh na PSP |e Ree bat ears, 1 1 110 7 4 634 
1913: 
Western yellow 
SONU TVS ek es aR en ase | se A ge ace A ly bapa Taek 1 2 141 Sree yaar 1,931 
Douglas fir.....-..- bea | eatin | sean eer SWRA Aor die ctr Re ilie Ua poi Le Maier ra | a 517 
Modgepolekpine =e 2: |Arne let oa el Tae A ie IN ee 1 C9 Fa) |e bok Ms 593 
ene ae a Bester Visi ee Oe et Gn lL Dee SPOIL AUS eel IGT Ne Ofer [tan ka are a DP een tips) Sara 11 
7 pee eee Bee Se ae Rte a olathe 848 |i nS lel lenge ODD 
1914: ines ad | aap 
Western yellow : : 
| ODA E SE SRC eer 2 1 43 5 2] 142 6 a 121 7 2 1,147 
Dowel asin ae seer eee a UO) yl PHS oes se aes 62) Pees 91 QA 85 ox eae [eae 551 
Wodeepolemaim evs apes ere eh Meee es AIT Coal ohi SMMEee oe Sale A 1 TUS ier eae es bao 620 
White TPs Lge WG UA ai Caer LE Reo 2 eget melee || 9) En ea 21 LG) | apes |e 19 
STI Suet Daag meeiilo Sil meal e204 ser taeo eas 200) avila enol mnolaar 
All years total.......... 2 20 261 5 2 204 8 123 1, 553 23 6 6, 023 
TABLE 12.—Comparative damage from sheep grazing and from other causes. 
(Allallotments and years.) 
Nature of injury. 
Species and cause of injury. ee i i 
ide ram- | All not “1, 
Needles. Drache Leader. Bark. pled. iilled! Killed. 
Western yellow pine: 
SIX Ou oweseeoees cae eee dl 12 116 8 57 244 1, 234 
(CONRAD) BA eae i vole all ere pada 8 9 338 20 3 378 3,622 
Douglas fir: 
SCC Det arene vara c is ois sae eae 5 21 1 25 52 275 
OE Herre ee teenie oinan Pe yi) Bes 8 92 1052) |e eaten 2 1, 146 1,144 
Lodgepole pine: 
NCOP See ee eee eee rea 3 3 Clea ee 18 31 256 
OLIVET et ee LO eis 8 i Re Pn 1 45 3 1 50 1, 226 
White fir: 
EV OVGYE Ose ee eee inp eee et | Hes sae 8) i a Blac Alen ae Un af ee | US ee Oa eee yee Re 17 
(OO GST Py Set ap AN A ca Oe ero) (RANE eh 21 DSi Resad ya cera lpr amet 139 31 
All species: 
Sheep scent etal) skeet 54 20 145 9 99 327 1, 782 
OG er sree ake ee eens e 8 123 1,553 23 6 1,713 6, 023 


Table 14 shows the causes of death in 1913 and 1914, as far as 
could be ascertained with a fair degree of certainty. Of the several 
hundred deaths whose cause could not be determined, most were 
probably due to drought or a combination of drought and excessive 
heating of the surface soil. This is the most serious obstacle to suc- 
cessful reproduction in the western yellow pine type. “ Winter- 
killed” in the first column of the table really embraces a number of 
causes, including drought, frost, fungus, and others. 
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TABLE 13.—Comparative damage from sheep grazing and from other causes. 


(All years and species.) 


Nature of injury. 


Allotment and cause of injury. | | 
: = z Side. | : 4 Tram- All not | = 
Deadwood: 
Se eae eee 34 : 65 7 84 194 753 
: (Air eas, See ites 4 CR ye ee 8 5 3 577 13 4 631 3, 022 
Silver Creek: : 
Sheep SE ee Ey wee % 7 68 1 ll 105 970 
Citra ee 71 715 | pee a Be 792 2,797 
South Fork: £ 
Sheep ses2 ss Si ieesie se 2 9.) 12 iI 4 | 28 59 
Oberstar tie eee A Re 2 20 | 261 5 2 | 290 | 204 


of seedlings between the end of the summer of 1912 and the 


TABLE 14.—Causes of deaths 
end of the summer of 1914. 


Less than 1 year old. More than 1 year old. 
Cause of death. | | 

Western ae Lodge- | Western | Lodge- 

yellow poveRs pole yellow Douglas eos 

pine. ; pine. pine. ; pine. 
520 72 | 118 | 201 | 91 | 114 
838 119 | 118 | 201 | 99 | 116 
917 264 | 523 | 615 | 298 267 
523 215 | 282 | 216 | 161 | 125 
on oP EPs ee ees eee ae ee ee eR Se ees Ashe op PO 2] 1 
Ee hea RE Ne eS | are Re ee el (eR ar ley a! i bag veh = See 
166 7 | 2.| Le ee eee 
2 7 dal (ae ee es 110 18 | 2 
240 5 |---- 222-2 -|-+22-- 2+ po c= ~n e] ee 
Safes ede cl eee toe i i (eee ees a oe a ees 
S/n fat Sale Eee need Rien arepe Seakaeee (ees Se TL 2 Se een ee | (Beek VEN Ae 
Ti Parsee ey panes Lee ece ee pa Perc eee| bia hae 
(eee |e eee 4A i Se ee eee ae 
eI <5 ee ae ee oak a | | eee Dayenn a aie 5 See Al eee eee | BS ee se Sar (Seer me 
G takepart AERTS B [. 25 coe eh ea eee 
ZS Ree Sa SA eee 3 pee Sees 1 
Des eee | A eee ibe Sacer | 1 
12 2 3 | BO" | seen 
Ee oe cp Fa ee Wer Pg Re 2 (ar SS a(S cea er (ons ene Bs Salle see So. eee 
SEO is BE Re, tiene to HG ae Gif ober Ne ol inate < Ftd Wiieatceensenter on ie P/O 
Sa incl emater 8 2 | Buf Hees i aa 
Rolling losses 222i ec 2 DR eee ee 2S ene SSE 35 ey ee ee ee 1 
Crowded 222e-P = 6 <b 1h eee eee ey eee een rte 2 Barat ieee 
Mateuk o:.5. swe he 5 See eae |! 2719 614 935 1,191. = 514 


VALUATION OF DAMAGE. 


Using the table of height growth and the average proportions of 
seedlings of different sizes killed by all agencies on the grazed plots 
on all areas, curves were constructed to show the per cent of mor- 
tality at different ages. Table 15 was read off from these curves, 
and from it was computed Table 16, which shows the number of 
seedlings of any age up to 20 years necessary to insure a stand of 
100 trees per acre of any of the three species at an assumed maturity 
of 150 years. These figures allow for deaths from all ordinary 
causes, including grazing every year, but, of course, do not allow for 
extraordinary deaths due to such causes as fires or epidemics of 
insects or of fungous diseases. | 
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TABLE 15.—Average mortality from all causes on grazed areas of seedlings of different ages. 


Deadwood. South Fork. 
Year of age. ne apts ‘ ae 
estern odge pole estern r 
yellow pine. Douglas fir. pine. yellow pine. Douglas fir. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
enamine sete ye Spe pas seat Neel oe A eae aa 82 80 50 82 80 
Dp aS a OS Ei es SO ea re Me eh 42 47 3D 41 47 
ii oe BAS ASIN MR tis Rs a aE Te ee SO Sere Aa rye WY Sg 27 28 24 22 28 
Cohesion ae a 20 20 16 14 18 
eRe ews AAA te eS Eee ae LES Cee YS 15 16 11 9 13 
Ocak Mea Re ea Oe RMS 98 eel ak eetes U8 Dene ro 11 12 7 7 10 
fe RE lhl a clale WON es MEATUS La. 2 8 10 5 5 8 
6) ESAS [ee oo i ceed es nen SE Cos ee Ee OO 6 8 4 4 6 
Os Re SS CARS eee vies Talc aieteanry ieee 5 6 3 3 4 
TQ): SMe a Cake Ph Ree at een Wea ua ew REAL Poet My pad (at 4 5 Dats Dey 3 
They Fae So ee tee ae Rh Nie Ms ee Ry aed 3 4 2 Pd {5) OA ES 
IN Ratan ee tt cla ae carn guns Aetenc Reh APL EL Se Qao 3 eb 2 2 
G32 Fy op k ester ph fet I RE lok IB RA OB BCS ES ace ta 2, Dey 1585) 2 ile 
THE cornea yeh ASRS a A aC ee lo A NR ete 2 2 1135) 2 1 
TCL 4 Bi alee AO Soe ee coy Gaeta eee Rae ap eee RNA Ege 2 15 1 iE) 1 
FLIGa seeu ea tran ape cee kT MSY A a MO LESS Le a eZ Me 15 1s 5s 1 1h) 85 
TUES a ts Soeat ah eT ee Ee TG EA 15 1 1 1155) 58) 
TS 2 GU gs he eh ine, CD De et ae eat 165) 1 1 116 5) 55) 
FLL Spee me parte ry ine ek Pa a eee Rc A ON Beane 1.5 1 1 1 a5 
Oras shasta: Aen ICS SE Te SR ea Tal ce ee Ay Se ee 1.5 1 1 1 aD) 
Dl: REO PA) save, wi ge A a ee at Ae EE 1 5i5) 55) 1 25, 
DORE OTS Oeree re ee fone nts Cont, AE eae = es aie 1 tO) 305) 5) aD 
(ORE SIDS Se BSE Ne aR ote SIR eaten es a 56 aD a5) 5) .5 


TaBLE 16.— Average number of seedlings per acre at different ages necessary to insure a 
stand of 100 trees per acre of any of the three species at 150 years, if ordinary grazing 


every year is permitted. 


Deadwood. South Fork. 
At beginning of year. xT, r, 
Western Douglas | Lodgepole | Western Douglas 
yellow as na yellow fir 
pine. ; pet pine. : 
Te SS OSS a te PES cate Sen San enna Pe 6, 700 6,850 1, 475 4,350 5,170 
Dani: mos SUNG We ELE PEN GER ae R MOES Liebe ne ed 1, 200 1,370 735 790 1,085 
Se eee: UNO NEN eae ooo al eM ease ate SE 700 725 480 470 575 
Abs oes ov WEEN la Rte ae Wop Bak eA Plea aot eae at or 510 §25 365 365 415 
BESS GSAS ee he eee goa ae, Pea ape ee 410 420 305 315 340 
Gis eth a Nie ais aan Ae eT HT oa Sa 345 350 270 290 295 
oss CES RTS ONE aE Oe OE Be eNO ed pom ieraay 310 310 255 270 265 
ie acne eesti Let it a RUMBA VSR er Ta a i a ORE a od 285 280 240 255 245 
ORR OMe Ween MET Boe arG | he RC AEE Oe vid er? 265 255 230 245 230 
AT genetic om tena atte, eg ULeeicN Fy Reon, ees MADE 255 240 225 240 220 
TLL tei Sk Pe ee ee Sea eae ae etoek eee ee, Ga 245 230 220 230 215 
UP SAS cet cee ey a Sed ee eg ia, er ee 235 220 215 225 210 
AS er she UV Act SAL OL ye Rie (arteeoM, eMC uy te 230 215 210 220 205 
WEES SR SS tg se leg Uae te eter Deals ee ee ea ge eR 225 210 205 215 200 
TUB) Sehgal DO 220 205 205 210 195 
TUG Sis a Oa A is Se a yk a ln SU aE 215 205 200 205 195 
WA SSE Co ee SE NE ee ONE ere ae. ag aac nee Bele sere ee 210 200 200 200 195 
TUS) Ge hs aE aa IIR = ee aD 210 200 195 200 190 
EG a ape rane pene As Fe AY be ete at eles eet 205 195 195 195 190 
PAD) oi iis Ace GN TANS AO cee iene Te lea te ROR ON ge 205 195 195 195 190 
fps Lia ieting A Ni Da el Ae! Lon hich ag 2 weliaces A 200 190° 190 190 190 


On. the basis of the material in United States Department of Agri- 
culture Bulletin 418, ‘‘Western Yellow Pine in Oregon,” a full stand 
of western yellow pine of 16 inches diameter, approximately 150 years 
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old, should have about 40 trees per acre. This would mean a volume 
of about 10,000 board feet. A small, even-aged stand on the Payette 
Forest, approximately 150 years old, had 230 trees per acre, prac- 
tically all western yellow pine, between 10 and 22 inches diameter, 
besides 160 trees below 10 inches; and its volume (trees 10 inches 
and over) was approximately 23,000 board feet per acre. This is 
very exceptional for a stand in virgin forest, but may be possible with 
managed forests. 

If 40 trees per acre are assumed to constitute a full stand, but 0.4 
as many seedlings as are indicated in Table 16 will be needed; but if 
200 trees per acre are assumed, the figures in the table should be 
doubled. Ifafullstand of Douglas fir is taken as 167 trees,! the figures 
should be increased by two-thirds for Douglas fir stands. Assuming 
250 trees per acre * as normal for lodgepole pine at maturity (140 years) 
the figures in Table 16 should be multiplied by 2.5—that is, there 
should be approximately 3,700 seedlings the first year. 


TABLE 17.—Amount of reproduction on all eee spring of 1914, reduced to a per acre 
basis 


(All sizes up to 53 feet high.) 


Number per acre. Per cent of total. 
l | | | | 
Allotment. West- West- 
ern | Doug Lode’, White | m Oral ern Doug- Hodes. White 
yellow ; las fir ven fir. * | yellow las fir. aes fir. 
pine. Bp pine. eee 
Wend woodses ses s-sees meee S450 Ul 2a SA ue2h Od een ee ce 9,070 38. 32 310) emai 2 
SivGr Greet. cogsaseuecesenec site BOL) levseoce= 910 1, 430 58 34) sack eee 8 
Souph Works. 222. js -22 -e5 550508|' F-20105) 22 8sa2== jes ste ee 7,120 71 29'-|zo 22h estes eee 


Table 17, which shows the number of seedlings per acre actually 
present on the plots on all three allotments in the spring of 1914, 
indicates plainly that there was sufficient reproduction present to 
make a full stand in spite of grazing injuries. On areas as well 
stocked with reproduction as those covered by the study the com- 
paratively small amount of scattered injury which results when the 
stock is carefully managed can hardly be said to represent a tangible 
loss of value. Where the number of seedlings present is already 
insufficient to make a full stand at maturity, or where injuries are 
concentrated, as on trails, bed grounds, or very seriously overgrazed 
areas, so as practically to eliminate all reproduction over a continuous 
area of any considerable size, there is a loss. 

If seed trees are present in sufficient quantity to reseed the area, 
the loss will equal the value of the growth already made by the seed- 


1 See Bulletin 418. 
2 See United States Department of Agriculture Bulletin 154, ‘‘ Life History of Lodgepole Pine in the. 
Rocky Mountains,” by D, T, Mason, p. 31, 
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lings, which at 10 years of age will be approximately 30 cents per 
acre or $0.001 per tree if there are less than 300 seedlings per acre, 
and at 20 years 75 cents per acre or one-third of a cent per seedling . 
where there are less than 250 per acre. These values, which are based 
on an average annual increment (for a 150-year rotation) of 100 board 
feet per acre and a stumpage price of $5 per 1,000 feet, are liberal.’ 
With an average annual increment of 200 ae feet, “ach may be 
possible on the best sites, the loss would be 60 cents and $1.50 per acre 
at 10 and 20 years. 

In case of restocking open one clear-cut areas, or plantations, 
where the reproduction must be renleced halle the loss will be 
the above cost plus the cost of restoration, which has been estimated 
at $9 per acre for eastern Oregon; $10 per acre, or 4 to 5 cents per tree, 
will cover the whole loss. Such areas of total destruction need not 
occur with regulated grazing, except possibly in the case of a few 
driveways which for topographic or other reasons can not be so 
located as to avoid injury; and unless the range is overstocked these 
can in any case be kept very small. 


BENEFITS OF SHEEP GRAZING TO THE FOREST. 


Benefits to the forest resulting from the use of the range may often 
offset the slight damage done by regulated grazing. These benefits 
may consist in direct aid to forest reproduction or in lessening the 
danger of serious fires. 

AID TO REPRODUCTION. 


The value of sheep grazing in helping tree reproduction to start is 
frequently overestimated. It does result in more abundant ger- 
mination under certain conditions, viz, in case of heavy grazing on 
poor sites. A pair of plots on a very poor lodgepole pine site, similar 
in all respects except in the intensity of grazing on them, fied this 
result: 


Bed ground, Lightly 
1912. 


grazed, 1912. 
PARES (SCUMATE TCC) Stes ytewicy sixty oueers et Matt benno sw tris alk WNL ay eee lc ep 800 800 
Seedlings oe weer CONC sea A hy aa aa NODS a None. None. 
ROR ACCOMMOT AE set ca ene Sons See As ee Seeds tes geet meteren Nabe ds ues 75 17 


In this case the soil was so dry and lacking in organic matter as to 
be very unfavorable to reproduction, but the sheep, bedding in the 
same place for several successive nights, left a thick layer of mulch, 
so that seedlings not only germinated in greater numbers, but grew 
much more vigorously than those on the lightly grazed plot. As is: 
usually the case where an area is excessively overgrazed, all of the 


1 See Bulletin 418. 
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reproduction already on this bed round was rely, browsed and 
much of it killed. 

Table 9 also shows an increase in germination on the most closely 
grazed areas, but indicates that light or moderate grazing did not 
have this result; while a series of plots on sites naturally favorable 
to reproduction showed that on such sites even close grazing may not 
result in greater germination. These plots showed this result: 


Bed ground, Lightly 
1912 grazed, 1912. 
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The theory is often advanced that sheep grazing aids the seeds to 
germinate by ‘‘harrowing” them into the soil. This might be an 
important factor if the grazing were done after the seeds fall; but 
since the cones usually do not begin to open to any great extent 
until September, near the end of the grazing season, and since most 
of the germination takes place before the sheep go on the timbered 
range in the spring, the benefit is slight. As lodgepole pine seed 
begins to fall somewhat earlier than the other species and germinates 
during most of the summer and fall, its germination may be con- 
siderably helped by the ‘‘harrowing-in”’ process. 

It it probably not true that sheep by loosening the soil and eating 
competing foliage help seedlings to survive. Table 18, in which the 
total deaths between the fall count in 1913 and the first count in 
1914 are grouped according to the intensity of grazing during 1913, 
shows that the proportion of survival through the winter was slightly 
greater on grazed areas than on those which were not grazed. Table 
10, however, shows plainly that the sheep did not help seedlings to 
live through the summer season and Table 9 shows that the greater 
mortality on grazed areas during the summer more than balanced 
the slight gain in survival over winter plus the increased germination - 
on grazed areas. 


TABLE 18.—Deaths from all causes between last count, 1913, and first count, 1914, accord- 
ing to intensity of grazing in 1913. Per cent of number on plots, fall 1913. 


(Deadwood and Silver Creek.) 


Western Douglas | Lodgepole | ,,-,- 
yellow pine. fir. pine. ED wh 


Numiberofiseedlingses 22 =n sea ee 5, 392 4,083 2, 892 237 12, 604 


Per cent died on: 


Aulimerazedaplotssenee eee eee 120 8.5 14.5 3.0 
Allisrazed. Plouss= tv a2 8 eee eee 10.7 6.6 9.3 2.2 

Per cent in favor of grazed plots. ---- ib 3 1.9 5.2 -8 
Died on ‘‘moderately”’ grazed plots...- OFT 522 12.4 | 2.6 
Per cent in favor of ‘‘ moderate” grazing Que 353 2A -4 
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PROTECTION AGAINST FIRE. 


The most important benefit to the forest which can be attributed 
to grazing is the reduction in quantity of inflammable ground cover 
and the consequent decrease in fire hazard. It is not probable that 
the number of fires can be reduced in this way, but their intensity 
and consequently their size and the amount of damage done, is bound 
to decrease with a decrease in the quantity of fuel on the ground. 
This is particularly apt to be true in a forest of the western yellow 
pine type, where fire seldom runs in the crowns but nearly always on 
the ground. If the ground cover is scanty, the older timber is to a 
certain extent immune from serious damage by surface fires and there 
is more likelihood that occasional patches of reproduction will escape 
destruction. Entire denudation of the soil, such as occurs on much- 
used bed grounds and along driveways, absolutely prevents fires from 
spreading in such places, but of course destroys any reproduction 
which may be present. Light or moderate grazing does not remove 
enough of the cover to stop fires, but may considerably reduce their 
heat and rapidity of spread and make them easier to combat. 


MANAGEMENT OF GRAZING. 


The points brought out in the study suggest a number of principles 
for the management of grazing in western yellow pine and, with shght 
modifications, in the other timber types of the region. These prin- 
ciples are based on (1) the utilization of the forage in the way most 
advantageous to the stockman, (2) the welfare of the forest repro- 
duction, (3) the reduction of the fire hazard. 


TIME TO GRAZE. 


In general, the range should be grazed before the forage becomes 
dry and unpalatable. Grazing should start in the lower parts of the. 
western yellow pine country (8,000 to 4,000 feet altitude) early in 
May and practically close by the middle or end of July. The higher 
altitudes can be grazed from about June 1 to the end of July, or, in 
wet seasons, to the middle of August. Areas consisting largely of 
grass or weed range should be used first, since they contribute largely 
to the inflammable ground cover of August. Besides, if they are 
_fed off early, they will often produce another crop of foliage or seeds 
before the end of the season. Areas where there is great likelihood 
of fires starting should be grazed before the dry season begins. Areas 
upon which most of the reproduction 1s under 3 years old should be. 
grazed as late in the season as is possible with proper utilization of 
the feed, since they are the least liable to injury. Such areas should 
not be grazed when the ground is saturated, especially early in the 
season. 
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INTENSITY OF GRAZING. 


As a general rule the range should be grazed just enough to remove 
the greater part of the palatable forage. Extensive browsing of the 
less palatable species or of conifer reproduction is the best evidence 
that an area is being grazed too closely not only for the good of the 

range but also for the best interest of the stock. 


Steep slopes with loose soil, particularly where the seedlings are less - 


than a foot and a half high, and reproducing burns, clear-cut areas, 
or plantations with seedlings up to 5 or 10 years old, depending on the 
site, should be grazed rather lightly, especially in the first part of the 
season or during a wet period. In many instances it will be desirable 
to eliminate grazing entirely from plantations or other areas of seed- 
lings less than three years old. During a dry season spots where 
danger of fire is greatest may be grazed as closely as possible. Very 
close grazing is also permissible on areas poorly stocked with repro- 
duction where a heavy crop of seed is expected in the fall, or where 
artificial reseeding is planned. If a good catch of seedlings takes place 
such areas should be grazed very lightly or not at all for at least 
three years succeeding the seed year. 

The carrying capacity of western yellow pine range varies so 
widely with the locality and the season that no definite figures can be 
laid down which will have a general application. Much of the poorer 
range, such as that on the Deadwood allotment, will require up to 10 
acres per grown sheep for a 60-day season; while the best range will 
sometimes, with favorable weather conditions, average two acres 
_ per sheep over limited areas. An average for most of the better 
class western yellow pine areas is approximately from three to four 


acres per sheep. 
METHODS OF HANDLING. 


HERDING. 


The sheep should be allowed to scatter out and graze with as little 
disturbance as possible. No attempt should be made to keep them 
in a compact bunch, except for convenience and safety when they 
bed down at night, and at such times they should be gathered to- 
gether with a minimum of driving or excitement. The use of dogs 
should be avoided as far as possible. 


Driving the sheep to and from water, bed grounds, or different & 


parts of the allotment is seldom necessary and should be avoided. 


When it is necessary to drive them, they should be taken where damage 
from trampling is least apt to occur, such as areas with no reproduc- 
tion or with plenty of seedlings over 1.5 feet high, or places where _ 


complete removal of foliage and denudation of the soil is desirable to 
reduce the fire hazard. 


Saline 
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DRIVEWAYS. 


The driving of the sheep in fairly compact bands to and from their 
allotments in spring and fall can hardly be avoided, but in many 
cases great damage to the forest can be prevented by careful location 
of driveways in places least subject to damage. Areas without small 
reproduction, untimbered areas where danger of erosion is not serious, 
sites which are too poor to produce merchantable timber in a reason- 
able rotation, such as dry, rocky ridges with little soil, are examples 
of such places. Although usually impracticable from the adminis- 
trative standpoint, it may sometimes be possible to reduce consider- 
ably the amount of injury by changing the location of such drive- 
ways from year to year, by limiting the number of bands of sheep 
which may use the same one, by limiting the time each band may 
spend on the trail, and by making the trail wide enough to supply 
feed for all the stock which use it. 

It will very often be possible to locate the driveways so that they will 
be an advantage to the forest. Such areas make excellent fire breaks 
for stopping light surface fires and for use in back-firing and fighting 
severer fires. When it is possible, they should be located near places — 
of great fire danger. For instance, closely grazed strips along roads, 
trails, railroads, or around camping places, sawmills, and the like, 
will be of considerable value in preventing the spread of incipient 
fires from such places. In such cases due regard should of course be 
had for the rights of other users; for instance, sheep should not be 
allowed to graze on camp grounds or so close to them as to make 
conditions unpleasant for campers, nor should feed necessary for 
pack and saddle animals be eaten off near camping places, nor should 
areas much frequented by travelers and tourists be grazed in such a 
way as to impair their scenic beauty. Similar trails along the edges 
of burns, reproduction areas, or slashings will be of much value in 
fire control. Such strips should, of course, be fed clean every year, 
and the more closely they are grazed the better. 


SALTING. 


Sheep should be supplied with all the salt they want, at least every 
five or six days, so that they will not trail around hunting for it. 
They should be salted in a different place each time, and the salt 
should be so well distributed that they will not bunch up closely and 
cause serious injury to the forage cover and forest reproduction by 
trampling. Bed grounds are good places to supply the salt; for if 
the stock spend part of their time there eating salt, they will have 
less time to graze or browse conifers, : 
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WATERING. 


In the particular locality studied water is so well distributed that 
driving to water was not necessary. In places less plentifully sup- 
plied much of such driving can be eliminated by the development 
of watering places. It is also important to remember that sheep do > 
not ordinarily require water every day, but, especially during rainy © 
periods, can do without it for several days. 


BEDDING. 


The most serious damage to reproduction under the old unre- 
stricted methods of herding was due to repeated use of the same 
camp and bed ground, which not only resulted in the entire denudation 
ef the area so used, but necessitated much driving back and forth at 
morning.and night. This damage can be very largely eliminated by 
the so-called ‘‘bedding-out”’ method of herding in which the herder 
moves around with the sheep and camps near wherever they stop at 
night. As they bed in a different place each night no driving is 
necessary. 

By locating bed grounds where lability to damage is least—either _ 
because of lack of small reproduction, presence of plenty of palatable 
forage not previously eaten off, or of sod cover—the injury which is 
inevitable in such places can be reduced to a negligible amount. 
It is also advisable in places which are hable to considerable damage, 
such as areas with only a limited stock of seedlings, areas of repro- 
duction mostly less than 1.5 feet high, and areas with loose and 
easily disturbed soil, not to use the same bed erounda in two successive 
years. 

If the sheep are not gathered on the Hedaies area until nearly dark 
and are herded off soon after daylight, the injury from browsing will 
be much less than if they are allowed to feed on the one spot for 
several hours. 

On bare dry ridges where natural soil conditions have not allowed 
reproduction to become established, severe and repeated use of bed 
grounds may often be desirable to fertilize the soil so that seedlings” 
can grow on it. As with driveways, bed grounds may often be so 
located and used as to be of considerable assistance in reducing fire 
hazard. In places where danger is great repeated use of the same 
area will be desirable. 

None of the foregoing suggestions is impracticable or anes to 
the best interests of the stock owner. To carry them out will require 
in many cases a somewhat higher grade of camp tenders and herders 
and better supervision, consequently the cost of the husimess may be 
slightly greater than with the old unrestricted and usually rather 
careless methods of herding. This additional cost will be much more 
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than repaid by the increased returns from meat and wool, for it is a 
- well-known fact that sheep do best when they are disturbed as little 
as possible and bunched or driven around no more than is absolutely 
necessary. It is obvious that they will keep in better condition if 
held on palatable feed than if kept on an area after the feed is gone 
so that they have to eat unpalatable species such as conifers. With 
careful application of these principles injury to forest interests will 
be reduced to practically nothing, the forest will in many cases benefit 
largely by reduction of the fire hazard, and, whether or not there is an 
actual increase in the number of head grazed on a given area, there 
will be considerable increase in the quantity and improvement in the 
quality of the meat and wool produced, 
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